Tuberculosis (TB) is the most important single infectious cause of death worldwide; WHO 2006\[[@ref1]\] reported approximately 2 million deaths annually. Rapid diagnosis and treatment for active TB patients is crucial for the effective and efficient control of TB in developing countries not only for patients, but also for TB control in the community.\[[@ref2]\]

The diagnosis of pleural TB is hampered by its paucibacillary nature. Invasive interventions such as closed pleural biopsy or thoracoscopy are often needed to confirm the diagnosis.\[[@ref3]\] While repeating invasive diagnostic procedures may yield positive results, such an approach places patients at increased risk of complications and also increases costs.\[[@ref4]\]

Different biological markers have been proposed to facilitate the diagnosis of pleural TB, including increased pleural fluid concentrations of adenosine deaminase (ADA),\[[@ref5]\] interferon (INF)- γ,\[[@ref6][@ref7]\] interleukin (IL)-12p40, IL-18, immunosuppressive acidic protein (IAP),\[[@ref8]\] and soluble IL-2 receptors (sIL-2Rs).\[[@ref9]\] These biological markers are useful for the diagnosis of tuberculous pleuritis.\[[@ref4]\] However, those methods are not widely practiced in routine clinical laboratories, and which of these markers is most useful for the diagnosis of tuberculous pleuritis has not been determined.\[[@ref10]\]

Effector cells specific to *Mycobacterium Tuberculosis* (MTB) produce INF-γ in response to TB-specific antigens, and this can be measured by whole-blood INF-γ enzyme-linked immunosorbent assay (ELISA) or enzyme-linked immunospot assay (ELISPOT),\[[@ref11]--[@ref13]\] and are called INF-γ release assays (IGRA).

Blood-based INF-g assays are fast, highly specific, and sensitive for MTB infection with no interobserver variation and unaffected by BCG vaccination status.\[[@ref14][@ref15]\] These assays are based on *in vitro* culture of either whole-blood or isolated peripheral blood mononuclear cells (PBMCs) in the presence of MTB-specific antigens;\[[@ref3]\] a commercial whole-blood INF-γ ELISA assay (QuantiFERON-TB Gold \[QFT-G\] and the QuantiFERON-TB Gold In-Tube assay (QFT-IT) measures the level of INF-γ in the supernatant of the stimulated whole blood by MTB-specific antigens.\[[@ref16]\] ,\[[@ref17]\]

A reliable surrogate pleural fluid markers permitting rapid and accurate diagnosis of tuberculous pleuritis is greatly needed.\[[@ref18]\] Hence, the aim of this study was to estimate the usefulness of different INF-γ-based assays as diagnostic markers in patients with pleural TB in comparison with baseline *ex vivo* pleural fluid INF-γ levels to help deciding accurate diagnostic and therapeutic information.

Methods {#sec1-1}
=======

Study design {#sec2-1}
------------

Cross-sectional.

Setting {#sec2-2}
-------

This study was conducted in Assiut University Hospital (AUH), Upper Egypt.

Participants and samples {#sec2-3}
------------------------

Purposive sampling technique based on high clinical probability of TB effusion was used. Thirty-eight inpatients who presented with clinically suspected TB pleural effusions were included in this study. The studied patients included 26 men and 12 women, with a mean age of 48 years.

The clinical workup included history, physical examination, radiological examination, sputum microbiological examination, blood examination, pleural fluid analysis, and blind pleural biopsy using Cope\'s needle. Thoracoscopic pleural biopsy using Storz semi rigid thoracoscope was reserved for cases with non-conclusive blind pleural biopsy results. The study was approved by the Ethical Committee of Assiut Faculty of Medicine and informed consents were obtained from all patients or their next of keen.

Standard laboratory procedures {#sec2-4}
------------------------------

Pleural fluid was examined for pH, lactate dehydrogenase (LDH), total protein and albumin concentration, glucose, Gram and Ziehl-Neelsen stain, as well as bacterial and TB culture. The total and differential white cell count of pleural fluids was determined. Needle and/or thoracoscopic biopsy of pleura was performed as appropriate.

Cytological analysis was done with cytospin preparations using hematoxylin-eosin or Papanicolaou stains.

Specimen collection and processing {#sec2-5}
----------------------------------

At least 40 ml of pleural fluid was collected from each patient in a syringe during thoracentesis, which was performed with oral informed consent.

A portion of the sample was submitted for acid-fast staining, bacteriologic examination, cytology examination, and measurement of protein, albumin, LDH, and glucose.

INF-γ assays {#sec2-6}
------------

Pleural fluid was centrifuged and the supernatant collected for determination of baseline (*ex vivo*) pleural fluid INF-γ levels for all subjects using ELISA.

INF-g assays were performed using blood, pleural fluid, and isolated pleural fluid cells with the QTF Gold In-Tube assay kit (Cellestis, Ltd., Carnegie, Victoria, Australia), and the test results were evaluated according to the guidelines of CDC.\[[@ref19]\]

The assays based on blood and pleural fluids were performed according to the manufacturer\'s instructions for whole blood as follow: during sample collection for diagnostic analysis, 1 ml of blood or pleural fluid was collected directly in the supplied tubes containing either the MTB-specific antigen cocktail \[ESAT-6, CFP-10 and TB7.7 (peptide 4)\] or the antigen-free control (nil) control, and cultured within 2 hours of collection for 20 to 22 hours at 37°C. Then, after overnight incubation, 200 μl of plasma was removed from each well and the concentration of INF-γ was determined using the assay kit according to the instructions of the manufacturer. The cutoff value for a positive response was 0.35 IU/ml of INF-γ.\[[@ref14][@ref20]\] The INF-γ concentration in the nil-control well was considered background and subtracted from the measurements made in the sample wells.\[[@ref21]\]

Pleural fluid cells were isolated, washed, and cultured at a fixed concentration to correct for the influence of different lymphocyte numbers and for the effect of baseline INF-γ concentrations in the pleural fluid on INF-g levels after antigenic stimulation as described by Chegou *et al*., 2008.\[[@ref3]\] Briefly, pleural fluid was centrifuged at 1 600 γ for 10 minutes and the supernatants harvested for *ex vivo* INF-g determination.

The pelleted cells were washed twice with phosphate-buffered saline and resuspended in RPMI-1640 medium supplemented with glutamine, 10% human AB serum, and penicillin/streptomycin (100 units penicillin/ml and 100 μg of streptomycin/ml) at a final concentration of 2 × 10^6^ lymphocytes/ml with cells viability \>95% assessed with phase contrast microscopy. One-milliliter aliquots of the washed and resuspended cells were cultured in 24-well tissue culture plates in analogy to the QTF Gold method.\[[@ref22]\]

Statistical analysis {#sec2-7}
--------------------

Differences in pleural fluid characteristics markers between tuberculous and non-tuberculous pleural effusions were examined. Statistical analysis including mean values and their standard deviations were calculated for each variable under study using the Statistical Package for Social Sciences for windows (SPSS) version 11.0. Statistical comparison of demographic data and pleural fluid characteristics and markers in tuberculous and non-tuberculous pleural effusions was performed through t-test or Mann-Whitney U-test as appropriate. *P* values of \<0.05 were considered significant, and highly significant at *P* \<0.01. Receiver operating characteristic (ROC) curves were constructed to compare performances of different assays used in the study.\[[@ref23]\]

Results {#sec1-2}
=======

Demographic data and clinical diagnosis {#sec2-8}
---------------------------------------

Demographic data of the 38 studied patients are shown in [Table 1](#T1){ref-type="table"}. Twenty patients (53%) had tuberculous pleuritis and 18 patients (47%) had an effusion due to a non-tuberculous etiology; ten of them (56%) had malignant effusions, the other eight effusions were diagnosed as empyema (*n* = 3), or as due to congestive heart failure (*n* = 2), liver cirrhosis (*n* = 2), and connective tissue disease (*n* = 1), pleural fluid characteristics were shown in [Table 2](#T2){ref-type="table"}.

###### 

Demographic and clinical data of the studied 38 patients with pleural effusion

![](ATM-7-220-g001)

###### 

Pleural fluid characteristics in the studied 38 patients with tuberculous and non-tuberculous pleural effusions

![](ATM-7-220-g002)

The diagnosis of pleural TB was made on the basis of pleural effusion on chest radiograph and TB isolated from pleural fluid or tissue showing staining for acid-fast bacilli; or a sputum culture finding positive for TB in the presence of a pleural effusion, blind and/or thoracoscopic pleural biopsy results showing the presence of pathological changes consistent with pleural TB. Malignant pleural effusions were diagnosed either by pleural fluid cytology or biopsy specimen. Miscellaneous pleural effusions were those not linked to TB or malignant disease as defined above.

Blood and pleural fluid interferon-g {#sec2-9}
------------------------------------

As shown in [Table 2](#T2){ref-type="table"} and Figure [1A](#F1){ref-type="fig"}--[C](#F1){ref-type="fig"}, *ex vivo* quantitative measurements of pleural fluid INF-γ levels and INF-γ production using the QTF TB Gold In-Tube assays in whole blood \[[Figure 1a](#F1){ref-type="fig"}\], pleural fluid \[[Figure 1b](#F1){ref-type="fig"}\] or pleural fluid cells \[[Figure 1c](#F1){ref-type="fig"}\] accurately differentiated TB from non-TB effusions. TB patients exhibited statistically significant higher pleural fluid concentrations of these markers. The mean ± SD of *ex vivo* pleural fluid INF-γ level from patients with TB effusion was 35.7 ± 18.9 IU/ml and 0.3 ± 0.2 for non-tuberculous effusions (*P* = \<0.001).

![INF-γproduction using the QTF TB Gold In-Tube assays in the 38 studied patients with tuberculous and non-tuberculous pleural effusion (a) INF-γproduction using the QTF TB Gold In-Tube assay in whole blood (b) INF-γproduction using the QTF TB Gold In-Tube assay in pleural fluid, (c) INF-ãproduction using the QTF TB Gold In-Tube assay in isolated pleural fluid cell](ATM-7-220-g003){#F1}

To determine the most sensitive and specific indicator for diagnosis of tuberculous pleuritis using TB gold and adapted variants of the assay, we performed receiver operating curve (ROC) analysis \[[Figure 2](#F2){ref-type="fig"}\] that clearly demonstrated that pleural fluid INF-γ was the most useful diagnostic indicator for tuberculous pleurisy. The Quantiferon TB Gold assay performed with blood or pleural fluid or pleural fluid cells does not add diagnostic value. The optimal cut-off obtained with ROC analysis was 0.73 for peripheral blood TB Gold assay, 0.82 IU/ml for the cultured pleural fluid assay, and 0.94 for isolated pleural cells assay \[[Figure 2](#F2){ref-type="fig"}\].

![ROC analysis for the studied markers of tuberculous pleural effusion; *ex vivo* pleural fluid INF-g concentration, adapted QTF TB Gold In-Tube assays in whole blood, pleural fluid, and pleural fluid cells](ATM-7-220-g004){#F2}

The isolated pleural cells from patients with TB effusions produced significantly more INF-γ. Culture of washed pleural fluid cells stimulated with MTB-specific antigens did not lead to increased INF-γ levels compared with non-stimulated washed pleural fluid cells. INF-γ produced by the non-stimulated isolated pleural fluid cells (cultured with the nil control) distinguished between TB and non-TB with the same sensitivity (100%) and specificity (72%) as the cells stimulated with the MTB-specific antigens \[[Table 3](#T3){ref-type="table"}\].

###### 

Results of the INF-γ assays among the 38 studied patients with pleural effusion
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Discussion {#sec1-3}
==========

Making a differential diagnosis between tuberculous and non-tuberculous pleural effusions represents a critical clinical problem. Conventional methods for diagnosis of pleural TB have proven to be inadequate.\[[@ref24]\]

This study confirms that *ex vivo* pleural fluid INF-γ level is an accurate marker for the diagnosis of pleural TB. Also, it showed that QFT-IT assay in peripheral blood or its adapted versions using pleural fluid and/or washed pleural fluid cells had no diagnostic advantage over pleural fluid INF-γ in the diagnosis of pleural TB.

Several previous studies demonstrated that ADA, INF-γ, IL-12p40, IL-18, IAP, and sIL-2R levels were significantly higher in tuberculous than in non-tuberculous pleural effusions;\[[@ref10]\] INF- γ is the most sensitive and specific indicator of tuberculous pleuritis among these six biological markers.\[[@ref18]\] The high specificity of INF-γ is based on the activity of MTB-specific effector T cells at the inflammatory site; INF-γ is produced by T lymphocytes in response to stimulation by specific antigens or nonspecific antigens and is capable of modifying the response of other cells to the immune system.\[[@ref25]\] INF-γ is known to activate macrophages so that they increase their bactericidal capacity against MTB. Therefore, INF-γ levels in pleural fluid may reflect the stimulation of T lymphocytes by tuberculous antigens.\[[@ref26]\] Intriguingly, in TB patients, these T cells seem to keep on producing high levels of INF-γ in the absence of added TB antigen.\[[@ref27]\] Presumably, this is due to a highly activated state that does not require ongoing antigenic stimulation. Alternatively, the accessory cells present in the pleural fluid may already be fully loaded with TB antigen.\[[@ref28]\]

Previous studies of the value of INF-γ in diagnosing pleural TB revealed a mean sensitivity of 89% and a specificity of 97%.\[[@ref29]\] Another study by Chegou *et al*., 2008\[[@ref3]\] denoted that *ex vivo* INF-γ has 100% accuracy in diagnosing TB pleuritis. The same promising result was found in this study, where pleural fluid INF-γ levels accurately differentiated between all TB and non-TB effusions with 100% sensitivity and specificity.

The clinical value of all surrogate markers for active TB depends on the pre-test probability.\[[@ref6]\] In high clinical probability settings, the use of ADA ≥ 50 U/l makes additional tests unnecessary in a high proportion of patients.\[[@ref3]\] However, ADA as a single marker performed relatively poorly as mentioned in Chegou *et al*.\'s\[[@ref3]\] study, probably due to the high proportion of non-TB pleural infections, which are characterized by neutrophil-predominant effusions and are a well-known source of false-positive ADA results. In contrast, in the same study\[[@ref3]\] and that of Jiang *et al*.\'s,\[[@ref29]\] a similar high diagnostic accuracy for *ex vivo* pleural fluid INF-γ levels in pleural TB was obtained. Also, Hiraki *et al*.\[[@ref18]\] directly compared six markers including those of ADA, IL-12, p40, IL-18, IAP, sIL-2R, and INF-γ where INF-γ is the most sensitive and specific indicator of tuberculous pleuritis among these six biological markers.

Although determination of INF-γ at the onset of pleural effusion is informative for the diagnosis of tuberculous pleuritis, INF-γ levels have not been used as a routine diagnostic test in suspected TB pleuritis, which may be due to the fact that INF-γ ELISA tests are relatively expensive.\[[@ref30]\]

In place of the TST test *in vivo*, the QFT-TB test *in vitro*, an IGRA using ESAT-6 and CFP-10 antigens for the detection of MTB infection was first used commercially for patients with TB infection in Japan in April, 2005.\[[@ref31]\]

In particular, quantitative results can be obtained within 1 day of blood sampling, and the booster effect caused by sequential skin tests is not an issue, as the assay is performed *in vitro*. However, it also has certain limitations. As the assay is based on cellular immunity, its results might depend on the status of the latter. Earlier reports have confirmed low accuracy of the QFT-G in immune-compromised patients.\[[@ref4]\] In addition, the amount of INF-γ produced in this assay was determined by multiple factors, including the number of PBMCs responsible for its production, the time interval between blood sampling and co-incubation with antigens, and the duration of incubation systemic immunosuppression or anergy could cause the inability of TB-specific antigens as well as mitogen to induce INF-γ release\[[@ref32]\] and often leads to the occurrence of the so-called indeterminate results in the QTF Gold assay due to an inability of cells to mount an INF-γ response against the mitogen.\[[@ref30]\] The identification of an appropriate cut-off concentration to fit the objectives is therefore essential.

The usefulness of standardized IGRA in diagnosing active TB disease, especially in high TB incidence areas, is not clear as they do not distinguish latent from active TB disease. The sensitivity of the test in previous studies varied from 55 to 88%, with a mean of 75%.\[[@ref32]\] In this study, the sensitivity obtained with the In Tube version of the blood assay was within this range (70%).

Previous report suggested that the use of pleural effusion mononuclear cells may diagnose pleural TB with a high accuracy (95% sensitivity and 76% specificity). Jafari *et al*., 2006\[[@ref33]\] used bronchoalveolar lavage-derived mononuclear cells in an INF-γ ELISPOT assay and diagnosed smear-negative pulmonary TB in 37 patients with 100% accuracy, and the technique was superior to the standard PBMC-based ELISPOT assay. Another study by Chegou *et al*.\[[@ref3]\] reported a similar high diagnostic accuracy (100% sensitivity and 67% specificity) even without MTB-specific antigen stimulation. Our data suggest that pleural cell-based INF-γ assays give 100% sensitivity and 87% specificity which were superior to the measurement of the peripheral blood or pleural fluid, and inferior to the direct measurement of *ex vivo* pleural fluid INF-γ in pleural TB. Anatomical factors like the confined pleural space which allows the accumulation of cytokines in the fluid may explain why *ex vivo* pleural fluid INF-g performs better than antigen-stimulated cells, as well as an end-stage state of activation of immune cells present in the pleural space.

Beside ADA, other tools have been used to diagnose TB effusion in different studies including fluid lymphocyte/neutrophil ratio, histology and culture of pleural biopsy taken blindly or via thoracoscopy. In this study, we did not measure ADA and not all patients were subjected to pleural biopsy; however, in the study done by Diacon *et al*.,\[[@ref34]\] they concluded that the combination of ADA with the differential pleural fluid WBC count increases specificity. Medical thoracoscopy had the highest diagnostic accuracy with 100% on histology and 76% positive cultures. Of note was the very good result of the combined approach with pleural fluid ADA and lymphocytes: neutrophils plus closed needle biopsy histology and culture, which came very close to thoracoscopy.

The 100% accuracy obtained in the present study is in keeping with other studies.\[[@ref3][@ref4][@ref10]\] However, INF-γ levels have not gained widespread acceptance as a routine diagnostic test in suspected TB pleuritis, which may be due to the fact that INF-γ ELISA tests are relatively expensive and that there is a discrepancy between high prevalence of TB pleuritis and available healthcare resources. The cost is nearly tripled if QTF-IT-based tests are used; the most expensive test of them is QTF-IT in pleural fluid cells. However, based on the results of this study, we recommend use of INF-γ ELISA with *ex vivo* pleural fluid. It would be both sufficient and more cost effective than pleural fluid or peripheral blood QTF tests and can be performed with small numbers of samples or even single samples by using ELISA.

The strength of this study is the prospective comparison of INF-γ ELISA and three different QTF-based diagnostic tests all applied to the same subjects, who had clinically suspected TB pleural effusion. However, the weak points include the limited number of patients and lack of comparison of these tests with other biomarkers due to limited resources.

In conclusion, INF-γ ELISA with *ex vivo* pleural fluid would be both sufficient and more cost effective than pleural fluid or peripheral blood QTF-G In tube tests as the use of the QTF test based on either blood or pleural fluid offers no advantage over *ex vivo* pleural fluid INF-γ measurement in the diagnosis of pleural TB, which should be considered as the test of choice. We have adapted the commercial QTF test to a promising *in vitro* application using inflammatory cells from the site of disease instead of blood. Such stimulated IGRA using cells from the site of disease are therefore feasible and suggest that new applications should be investigated further in forms of TB that are difficult to diagnose, including smear and culture-negative pulmonary TB, peritonitis, and pericarditis, where aspirated cells could be cultured in the presence of mycobacterial antigens.
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